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ABSTRACT
Background This study aimed to evaluate whether
incidental CT findings of emphysema, airway thickening
and bronchiectasis, as seen on CT scans performed for
other non-pulmonary clinical indications, are associated
with future acute exacerbations of COPD resulting in
hospitalisation or death.
Methods This multicentre prospective case–cohort
study comprised 6406 subjects who underwent routine
diagnostic chest CT for non-pulmonary indications. Using
a case–cohort approach, we visually graded CT scans
from cases and a random sample of ∼10% of the
baseline cohort (n=704) for emphysema severity (range
0–20), airway thickening (range 0–5) and bronchiectasis
(range 0–5). We used weighted Cox proportional
hazards analysis to assess the independent association
between CT findings and hospitalisation or death due to
COPD exacerbation.
Results During a median follow-up of 4.4 years
(maximum 5.2 years), 338 COPD events were identified.
The risk of experiencing a future acute exacerbation of
COPD resulting in hospitalisation or death was
significantly increased in subjects with severe
emphysema (score ≥7) and severe airway thickening
(score ≥3). The respective HRs were 4.6 (95% CI 3.0
to 7.1) and 5.9 (95% CI 3.4 to 10.5). Severe
bronchiectasis (score ≥3) was not significantly associated
with increased risk of adverse events (HR 1.5; 95% CI
0.9 to 2.5).
Conclusions Morphological correlates of COPD such
as emphysema and airway thickening detected on CT
scans obtained for other non-pulmonary indications
are strong independent predictors of subsequent
development of acute exacerbations of COPD resulting
in hospitalisation or death.

INTRODUCTION
Morbidity and mortality from COPD continue to
rise.1 Hospitalisations for exacerbations account for
US$18 billion in direct costs annually in the USA
and are associated with 1-year mortality of 21%
and 5-year mortality of 55%.2 Detection of subjects
at risk of acute exacerbations of COPD requiring
hospital admission or resulting in death is therefore
of major importance.
Currently, high-risk individuals are detected

using risk factors such as pulmonary function,
smoking status, body mass index, pulmonary
hypertension, general health status and comorbid

conditions.3 4 However, it is well known that these
risk factors cannot explain the whole picture of
COPD risk.5

Interestingly, pulmonary alterations associated
with COPD can be depicted with cross-sectional
imaging techniques.6 On the basis of this premise,
pulmonary CT has been proposed as an important
tool for assessing the presence and extent of
COPD, as this imaging technique is highly sensitive
to findings such as emphysema, airway thickening
and bronchiectasis.7 8 However, in current clinical
practice, CT has no role in the evaluation of
COPD.9 On the other hand, smokers or ex-smokers
who have subclinical or undiagnosed symptomatic
COPD frequently undergo CT imaging for non-
pulmonary indications.10 11 Thus, radiologists are
routinely confronted with incidental findings —that
is, unsuspected findings or findings unrelated to the
indication for CT imaging.12 The present study
aimed to investigate whether incidental CT findings
related to COPD, such as emphysema, airway
thickening and bronchiectasis, obtained from CT

Key messages

What is the key question?
▸ Can incidental findings at CT scans performed

for other, non-pulmonary clinical indications
predict future acute exacerbations of COPD
resulting in hospitalisation or death?

What is the bottom line?
▸ Morphological correlates of COPD such as

emphysema and airway thickening detected on
CT scans obtained for non-pulmonary
indications can be used as predictors of future
acute exacerbations of COPD and mortality
without additional radiation exposure or costs.

Why read on?
▸ This study demonstrates that assessment of

incidental CT findings of emphysema and
airway thickening may enable healthcare
providers to detect patients with COPD at high
risk of complications at an early stage and
better target these subjects for more tailored
treatments based on incidental information
embedded in CT.
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scans performed for other, non-pulmonary, clinical indications
are associated with future acute exacerbations of COPD result-
ing in hospitalisation or death.

MATERIALS AND METHODS
Study population
The present study is an ancillary study of the PROgnostic Value
of unrequested Information in Diagnostic Imaging (PROVIDI)
Study, which is a case–cohort study. It was approved by the
medical ethics committee of the primary participating facility,
University Medical Center Utrecht (number 06/193), and the
institutional review boards of all other participating centres.
Written informed consent was waived for all patients because of
the study design. A privacy protocol was implemented such that
no patient information would be visible when the CT images
were being read, no additional information would be obtained
by accessing a patient’s medical records, and no patient would
be contacted as a result of the study.

The rationale and study population of the PROVIDI Study
has been described in detail elsewhere.13 Briefly, the study popu-
lation comprised 23 443 subjects aged ≥40 years who under-
went routine clinical chest CT scanning between 2002 and 2005
for diagnostic indications in participating hospitals in the
Netherlands. Patients with a diagnosis of primary lung cancer
(including mesothelioma) or distant metastatic disease from
other types of cancer (excluding haematological malignancies) at
baseline were excluded (n=9 077) because it was highly unlikely
that detection of unexpected image findings would alter clinical
decision-making in patients with such a poor prognosis. Also
excluded were participants for whom follow-up data could not
be obtained because they could not be linked to the Dutch
National Diagnosis and Death Registry (n=942). In addition,
patients with a prior history of acute COPD exacerbation that
required hospital admission, as well as patients with CT referral
indications directly related to (suspected) pulmonary pathology
including PEs and pulmonary malignancies, were excluded
(n=7018) to ensure that COPD-related imaging findings were
truly ‘incidental’. Overall, 6 406 subjects from eight participat-
ing hospitals represent the full baseline cohort and were
included in the present study.

Sample selection and study design
Subjects who were hospitalised or died due to a COPD exacer-
bation during follow-up were identified as cases. We used a
case–cohort approach, as introduced by Prentice and Self,14

using all cases and a subcohort consisting of a random sample
of ∼10% of the full cohort at the beginning of the study. With
random sampling fractions of ≥0.10, results of a case–cohort
analysis are similar to the full cohort analysis.15 Cases together
with the subcohort define the study population. The advantage
of this design is that it enables survival analysis with reliable risk
estimates without the need to evaluate all chest CT scans from
the full cohort. Figure 1 shows the flowchart of the study design
and selection of the study population.

CT scanning, selection and scoring of CT findings
All chest CT examinations were performed using multidetector
row CT scanners (2–64 detector rows) from different vendors.
Routine clinical protocols were used in participating hospitals. If
subjects underwent more than one chest CTexamination during
follow-up, the findings from the first examination were used. All
types of CT (including non-contrast and non-ECG-triggered)
were considered eligible as long as the field of view encom-
passed the entire lung parenchyma, from the apex to the base of

the lung. Section thickness (maximum 10 mm) varied according
to the chest CT indication and protocol used. A research phys-
ician abstracted patient characteristics and information about
the indications for CT from the radiology reports. CT indica-
tions were classified as one of the following: cardiovascular
disease; trauma; haematological malignancy; mediastinal
disease; or other.

CT scans were evaluated for findings previously demonstrated
to be related to COPD, including emphysema, airway thickening
and bronchiectasis.5 16 COPD is characterised by incompletely
reversible airflow limitations caused by a combination of emphy-
sema and small airway remodelling. For decades, attempts have
been made to quantify emphysema with CT.17 In vivo detection
of small-airways disease has been difficult, since these small
airways (diameter <2 mm) cannot be visualised directly with
current CT techniques. However, airway thickening has been
proposed to be an indirect sign of small-airways disease,
whereas bronchiectasis can be seen as a proxy for large-airways
disease.18

CT abnormalities of emphysema, airway thickening and bron-
chiectasis were defined according to the Fleischner Society cri-
teria.19 The presence and extent of these CT findings were
graded using a straightforward pulmonary lobe-based visual
grading system as listed in table 1.

Airway thickening and bronchiectasis were visually graded as
absent (score=0) or present (score=1) for each of the five pul-
monary lobes. The five separate scores of each pulmonary lobe
were summed into a total score ranging from 0 to 5.
Subsequently, four degrees of severity were obtained by categor-
ising each CT finding as follows: grade 0, absent (total
score=0); grade 1, mild (total score=1); grade 2, moderate
(total score=2); and grade 3, severe (total score ≥3); this culmi-
nated in a potential maximum score of 15 points.

Presence and extent of emphysema were scored using the
system from the National Emphysema Treatment Trial.20 Each
pulmonary lobe was visually scored for the percentage affected
by emphysema (0=0%, 1=1–25%, 2=26–50%, 3=51–75%,
4≥75%). The five separate scores of each pulmonary lobe were
summed into a total score ranging from 0 to 20. The severity of
emphysema was categorised into four categories: grade 0, absent
(total score=0); grade 1, mild (total score=1–3); grade 2, moder-
ate (total score=4–6); and grade 3, severe (total score ≥7).
Examples of the different grades of COPD-associated pulmonary
abnormalities can be found in figure 2.

Identification of COPD cases and follow-up
Data on the incidence of COPD events requiring hospitalisation
were obtained from the Dutch National Registry of Hospital
Discharge Diagnoses (ICD-9 codes 491,492, 496). Data on
COPD events resulting in death were obtained from the
National Death Registry (ICD-10 codes J41–J44 and J47) from
baseline until January 2009.21 Further details are provided in
the online supplementary file.

Statistical analysis
Baseline characteristics and chest CT findings were summarised
for cases as well as the subcohort.

Age is a continuous variable presented as median with IQR
because of non-normal distribution and was compared between
the cases and subcohort using the Mann–Whitney test. The cat-
egorical variables, gender, emphysema, airway thickening and
bronchiectasis, are presented as percentages and were compared
between cases and the subcohort using the χ2 test.
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Cox proportional hazard analysis with an estimation proced-
ure adapted for the case–cohort design according to Prentice
and Self14 (details are provided in the online supplementary file)
was used to establish the strength of association of the explana-
tory variables (emphysema, airway thickening and bronchiec-
tasis) with hospitalisation or death due to a COPD exacerbation.
Results are reported as HRs and their 95% CIs. HRs are pre-
sented in two ways: (1) for the mild, moderate and severe cat-
egories compared with the absent category; (2) for each point of
increase in total score. In addition to crude associations, HRs
were adjusted for age, gender, CT indication and hospital in
which the CT was performed. Finally, Kaplan–Meier analysis
was used to compare COPD event-free survival between absent,
mild, moderate and severe categories of the strongest and inde-
pendently associated CT findings. Analyses were performed

with the R-project software package, V.2.15 (http://www.
r-project.org).

RESULTS
Among the 6406 subjects of the baseline cohort, 338 patients
were hospitalised or died due to a COPD exacerbation during a
median follow-up time of 4.4 years (maximum 5.2 years).

Table 2 compares the clinical and CT findings of the subco-
hort and the COPD cases. Patients who were eventually hospita-
lised for COPD or died due to COPD were older. More than
half of these patients underwent chest CT for a cardiovascular
indication and had a shorter follow-up time, and all the CT
abnormalities were detected more frequently compared with
subjects in the subcohort.

In table 3 crude and adjusted HRs and their 95% CIs for
COPD events are presented for the mild, moderate and severe
categories of emphysema, airway thickening and bronchiectasis
compared with the absent category. HRs for comparison of
severe versus absent CT findings were as follows: emphysema,
HR 4.6 (95% CI 3.0 to 7.1); airway thickening, HR 5.9 (95%
CI 3.4 to 10.5); bronchiectasis, HR 1.5 (95% CI 0.9 to 2.5)
(figure 3A). After estimates had been fully adjusted for age,
gender, CT indication and referral centre, the association of
bronchiectasis with COPD events was no longer significant.

Table 3 also presents crude and adjusted HRs for each point
of increase in total score of the CT features. Adjusted HRs and
95% CI for each point of increase in total emphysema, airway
thickening and bronchiectasis score were 1.7 (95% CI 1.4 to
1.9), 1.8 (95% CI 1.5 to 2.1) and 1.2 (95% CI 1.0 to 1.4),
respectively (figure 3B). Emphysema and airway thickening were
CT findings independently related to future COPD events after
full adjustment for sum scores.

Figure 1 Flowchart of study design. CBS, Central Bureau of Statistics. LMR, Dutch medical data registration.

Table 1 Lobe-based visual grading system of CT findings for COPD

0=Absent 1=Mild 2=Moderate 3=Severe

Airway thickening
No of affected lobes,
range 0–5

0 1 2 ≥3

Bronchiectasis
No of affected lobes,
range 0–5

0 1 2 ≥3

Emphysema*
Sum score of all lobes,
range 0–20

0 1–3 4–6 ≥7

*Each pulmonary lobe was visually scored for the percentage affected by emphysema
(0=0%, 1=1–25%, 2=26–50%, 3=51–75%, 4≥75%). The emphysema score is the
sum score of all five lobes and can vary between 0 and 20.
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Kaplan–Meier curve analysis (figure 4) shows that the differ-
ence in risk of hospitalisation or death due to COPD is most
evident between the absent and severe categories for emphy-
sema and airway thickening. The 5-year risk of the combined
end point, hospitalisation or death due to COPD was 15% for
subjects classified in the severe emphysema category compared
with 4% for subjects in the absent category. For the severe
airway thickening category, the 5-year risk was 17% compared
with 5% in the absent category.

DISCUSSION
In this case–cohort study of 6406 subjects who underwent
routine clinical chest CT scanning for non-pulmonary indica-
tions, incidentally discovered visually graded CT findings of
emphysema and airway thickening were related to future hospi-
talisation or death due to acute COPD exacerbations. These
associations were independent of age, gender, CT indication

and referral centre. Thus, reporting of freely available inci-
dental CT findings by radiologists may aid the prediction of
the first COPD exacerbation resulting in hospitalisation or
death.

It should be noted that, because of the study design, pulmon-
ary function data were not available. Therefore, we could not
establish whether the relation between the CT findings and
future hospitalisation or death due to COPD was independent
of lung function. In this study, we intended to take a new per-
spective by providing a different approach to COPD risk predic-
tion based strictly on information readily available to the
radiologist. Incorporating pulmonary function, comorbid condi-
tions and case-mix factors is not possible in daily routine prac-
tice, since this information is usually not available to the
radiologist. In addition, airflow limitation and clinical character-
istics, earlier in the disease process, precedes the presence of
imaging findings in many patients.22

Figure 2 Examples of CT findings for
COPD. (A) Emphysema; (B) airway
thickening and bronchiectasis (arrow).

Table 2 Baseline characteristics and chest CT findings for subjects
in the subcohort (n=704) and for the COPD cases (n=338)

Characteristic or finding Subcohort
COPD
cases p Value*

Age (years) 62 (54–72) 71 (61–76) <0.001
Male gender 419 (60) 184 (54) 0.143
CT indication <0.001
Cardiovascular disease 310 (44) 200 (59)
Trauma 38 (5) 11 (3)
Haematological malignancy 136 (19) 35 (10)
Mediastinal disease 128 (18) 62 (18)
Other 92 (13) 30 (9)

Emphysema (range sum score 0–20) <0.001
Mild (sum score 1–3) 147 (21) 58 (17)
Moderate (sum score 4–6) 48 (7) 27 (8)
Severe (sum score ≥7) 72 (10) 105 (31)

Airway thickening (range sum score
0–5)

<0.001

Mild (sum score 1) 91 (13) 57 (17)
Moderate (sum score 2) 56 (8) 63 (19)
Severe (sum score ≥3) 32 (5) 45 (13)

Bronchiectasis (range sum score 0–5) 0.068
Mild (sum score 1) 90 (13) 49 (14)
Moderate (sum score 2) 37 (5) 29 (9)
Severe (sum score ≥3) 51 (7) 32 (9)

Categorical variables are expressed as number (%). Continuous variables are
expressed as median (IQR).
*Continuous and categorical variables were compared between the subjects in the
subcohort and cancer cases using the Mann–Whitney U test and χ2 analysis.

Table 3 HRs (95% CI) for COPD risk during a median follow-up
period of 4.4 years according to CT findings

CT finding
Crude
HR (95% CI)

Multivariable*
adjusted
HR (95% CI)

Emphysema (range sum score 0–20)
Absent (sum score 0) Reference Reference
Mild (sum score 1–3) 1.2 (0.8 to 1.7)† 1.3 (0.9 to 2.0)†
Moderate (sum score 4–6) 1.7 (1.1 to 2.9) 1.8 (1.1 to 3.1)
Severe (sum score ≥7) 4.5 (3.1 to 6.6) 4.6 (3.0 to 7.1)
Continuous‡ 1.7 (1.4 to 1.9) 1.7 (1.4 to 1.9)

Airway thickening (range sum score 0–5)
Absent (sum score 0) Reference Reference
Mild (sum score 1) 2.1 (1.4 to 3.1) 1.6 (1.0 to 2.4)
Moderate (sum score 2) 3.5 (2.3 to 5.3) 2.7 (1.7 to 4.3)
Severe (sum score ≥3) 4.9 (2.9 to 8.0) 5.9 (3.4 to 10.5)
Continuous‡ 1.7 (1.5 to 2.0) 1.8 (1.5 to 2.1)

Bronchiectasis (range sum score 0–5)
Absent (sum score 0) Reference Reference
Mild (sum score 1) 1.3 (0.9 to 1.9)† 1.2 (0.8 to 1.9)†
Moderate (sum score 2) 1.9 (1.1 to 3.2) 1.8 (1.0 to 3.2)
Severe (sum score ≥3) 1.7 (1.0 to 2.8) 1.5 (0.9 to 2.5)†
Continuous‡ 1.2 (1.1 to 1.4) 1.2 (1.0 to 1.4)

*Multivariable adjusted means adjustment for age, gender, CT indication and referral
centre.
†p Value >0.05, indicating no statistical difference between the subcohort and COPD
cases.
‡HRs for continuous emphysema, airway thickening and bronchiectasis sum score are
calculated for each point of increase in total score.

728 Jairam PM, et al. Thorax 2015;70:725–731. doi:10.1136/thoraxjnl-2014-206160

Chronic obstructive pulmonary disease
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://thorax.bm
j.com

/
T

horax: first published as 10.1136/thoraxjnl-2014-206160 on 29 M
ay 2015. D

ow
nloaded from

 

http://thorax.bmj.com/


Significance of the findings
Reporting of prognostic CT findings of COPD with a simple
lobe-based visual grading system in a population who underwent
routine chest CT scanning for non-pulmonary indications can
have substantial implications, although we do not claim that
incidental CT findings provide added predictive value over exist-
ing models or other well-known COPD risk factors in the pre-
diction of COPD risk. We postulate that incidental CT findings
for COPD risk prediction could provide a novel strategy and
adequate estimation of COPD risk irrespective of spirometry.
This study demonstrates that readily available CT findings have
HRs as high as 4.6 and 5.9 after accounting for age and gender.
Therefore, we advocate that radiologists should use these data
effectively, starting by reporting of these findings to the clini-
cians. Subsequently, healthcare providers may recognise indivi-
duals at high risk of future complications of COPD at an earlier
stage and can take appropriate action.

It is well known that treatment of COPD exacerbations has
not significantly improved, and clinical failure rates (defined as

the need for additional treatment or hospitalisation) of 20–40%
within 1 month are still common.23 Even in subjects already
known to have COPD who have not been hospitalised previ-
ously, incidental CT findings could potentially be used to guide
comprehensive lifestyle intervention in addition to stricter
control of risk factors and intensified pharmacological
treatment.

Comparison with other studies
The use of incidental CT findings for detection of COPD in
patients undergoing evaluation with chest CT evaluation for
other clinical indications has been proposed.24 25 In accordance
with our study, these previous findings demonstrated that
emphysema and airway thickening were positively related to
COPD. However, these studies were cross-sectional and merely
evaluated the presence of COPD at the time of CT scanning in a
lung cancer-screening cohort. To our knowledge, we are the first
to have performed a longitudinal study investigating whether
CT findings are associated with future hospitalisation or death

Figure 3 Multivariable adjusted HRs
and 95% CI for COPD events.
(A) Multivariable adjusted HRs and
95% CI comparing the severe versus
the absent category of emphysema,
airway thickening and bronchiectasis.
(B) Multivariable adjusted HRs and
95% CI for each point of increase in
total emphysema, airway thickening
and bronchiectasis score.

Figure 4 Kaplan–Meier survival curve for COPD events stratified by severity category of emphysema and airway thickening. (A) Emphysema; (B)
airway thickening. Green, absent category; blue, mild category; red, moderate category; orange, severe category.
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due to COPD in a population who underwent routine chest CT
scanning for non-pulmonary indications. Moreover, since prior
studies reported quantitative assessment of COPD findings in a
lung cancer-screening cohort, the generalisability of those results
is restricted to chest CT scans following specific scanning
protocols.

Critique of the method
Strengths
Exacerbations of COPD requiring hospital admission have large
effects on health status, mortality and healthcare costs.2

However, recent statements from experts in the field of pulmon-
ary medicine stress that, in patients who have previously been
hospitalised for COPD, preventive measures are probably ‘too
little, too late’ although, in patients who have not been previ-
ously hospitalised for COPD, a great deal is to be gained from
earlier detection.23 One of the strengths of this study is that it
explicitly predicts the first COPD exacerbation resulting in hos-
pitalisation or death in patients not previously admitted for
COPD or even not diagnosed with COPD who underwent chest
CT scanning for non-pulmonary indications. To avoid bias, we
excluded patients who had been previously hospitalised for
COPD, since evaluated imaging findings would not have been
truly ‘incidental’.

In the same vein, the clinical diagnosis of COPD is usually
established late in the course of the disease, and CT has poten-
tial to detect early stages of COPD and predict exacerbations.10

Early identification of subjects at high risk of COPD exacerba-
tions, especially those resulting in hospitalisation or death, may
lead to identification of subjects in whom more aggressive thera-
peutic interventions, including smoking cessation programmes,
should be considered.26 Following this strategy may reduce costs
of treatment and improve quality of life and possibly life expec-
tance in patients with COPD.27

The lobe-based visual grading score used in this study allows
us to grade CT findings associated with COPD based on a broad
range of diagnostic multidetector row chest CT scanners and
imaging protocols. Given the millions of these scans performed
annually,28 the simple lobe-based visual grading system
described may have great impact on healthcare expenditure.
One caveat, though, is that lobe-based visual assessment of CT
imaging findings is known to have lower inter-reader reliability
than quantitative CT measurements in COPD.29 Despite this
limitation, we favoured this method for various reasons.
Quantitative CT measurements in COPD need adherence to
strict CT acquisition protocols, which is not common practice in
routine chest CT imaging. Visual assessment of COPD findings
has been demonstrated to be relatively simple, inexpensive and
independent of machine and reconstruction algorithms.30

Moreover, visually graded CT findings of COPD correlate well
with physiological assessments,7 enabling reliable prediction of
future hospitalisation or death due to acute COPD exacerba-
tions, thereby fulfilling the aim of this study.

Limitations
Our study has limitations that should be acknowledged. Because
of the specific study design, detailed clinical information, such
as smoking status, pulmonary function-based COPD status,
comorbid conditions and case-mix factors, were not available.
Therefore, we could not establish whether the relation between
the CT findings and future hospitalisation or death due to
COPD was independent of other clinical information besides
age and gender.

In addition, our results pertain to the Dutch healthcare
system with moderate use of CT. The hazards for the predicted
disease, COPD hospitalisation and mortality are to some extent
a composite of the risk associated with CT abnormalities and
the risk of the population in whom the CT is performed in the
first place. Therefore, the results of our findings may not apply
in healthcare systems with limited or intense use of chest CT
scanning.

In conclusion, morphological correlates of COPD such as
emphysema and airway thickening detected on CT scans
obtained for non-pulmonary indications can be used as markers
of future acute exacerbations of COPD resulting in hospitalisa-
tion or death, without additional radiation exposure or costs.
Reporting of incidental CT findings for COPD with a simple
lobe-based visual grading system on the broad range of chest CT
scans performed in daily clinical practice can be a useful strategy
to identify high-risk COPD subjects in whom more aggressive
therapeutic interventions should be considered.
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